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of the user-specific reference signal, and sending the analog
signal to a user terminal.

15 Claims, 4 Drawing Sheets

determining a modulus identification, and adaptively performing

an interference elimination processing on a user-specific reference | _— 101

signal based on the modulus identification to obtain an
interference-eliminated user-specific reference signal

performing a beamforming processing on the interference- 102
eliminated user-specific reference signal to obtain a beamformed
reference signal

processing the beamformed reference signal and transmit the
processed signal to a user terminal

103




U.S. Patent Sep. 6, 2016 Sheet 1 of 4 US 9,438,323 B2

determining a modulus identification, and adaptively performing

an interference elimination processing on a user-specific reference | _— 101
signal based on the modulus identification to obtain an
interference-eliminated user-specific reference signal

performing a beamforming processing on the interference- _—102

eliminated user-specific reference signal to obtain a beamformed
reference signal

i

processing the beamformed reference signal and transmit the
processed signal to a user terminal

Figure 1



U.S. Patent Sep. 6, 2016

Sheet 2 of 4 US 9,438,323 B2
/‘20 1
the modulus determining, by a base station, a modulus the modulus
identification is 0

identification, where the modulus identification is | identification is 1
used to determine whether a modulus operation is

to be performed on a data symbol

™

/203
performing power control on the user-
specific reference signal by the base determining, by the base station, the
station based on the preset power factor interference elimination amount as

0, i.e., performing no interference
elimination processing on the user-
specific reference signal

determining the interference elimination amount
by the base station with a preset approach, and
performing an interference elimination
processing on the user-specific reference signal
according to the interference elimination amount

/—205
performing, by the base station, a
204

beamforming processing on the

interference-eliminated user-specific
reference signal to obtain a

beamformed reference signal

|

processing the beamformed reference signal
by the base station through an IFFT unit, to
obtain an OFDM signal, converting the 206
OFDM signal into an analog signal through a -
DAC unit, and transmitting the analog signal
to the terminal

v

Figure 2



U.S. Patent

Sep. 6, 2016

Sheet 3 of 4

US 9,438,323 B2

device for transmitting a user-specific
reference signal

determination unit

— 31

interference elimination
unit

— 32

beamforming unit

— 33

radio frequency
transmitting unit

34

Figure 3

35

device for transmitting a user-specific reference signal

determination unit

— 31

power control

interference elimination
unit

— 32

beamforming unit

— 33

radio frequency
transmitting unit

—— 34

Figure 4



U.S. Patent

Sep. 6, 2016 Sheet 4 of 4

base station

base band processing unit
BBU

— 51

radio remote unit RRU

— 52

Figure 5

US 9,438,323 B2



US 9,438,323 B2

1
METHOD AND DEVICE FOR SENDING
USER-SPECIFIC REFERENCE SIGNAL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of International Patent
Application No. PCT/CN2014/077262, filed on May 12,
2014, which claims priority to Chinese patent application
No. 201310172592.0, filed on May 10, 2013, both of which
are incorporated herein by reference in their entireties.

TECHNICAL FIELD

The present disclosure relates to the field of communica-
tions, and in particular, to a method and a device for
transmitting a user-specific reference signal.

BACKGROUND

The Multiple-Input Multiple-Out (MIMO) technology is
widely used in wireless communication systems such as the
Long Term Evolution (LTE). In the Multi-User MIMO
(MU-MIMO) technology, a key processing step is precod-
ing. In the MIMO technology, a base station transmits
signals to multiple terminals using a same frequency and a
same time slot; and since the multiple terminals cannot
corporate with each other, mutual interferences among the
multiple terminals are caused and signals received by the
terminals are of poor quality. The mutual interferences
among the terminals can be reduced through performing a
precoding processing at the base station side. Specifically,
when performing the precoding processing, the base station
needs to obtain a state of a downlink channel and perform
the precoding processing using the state of the downlink
channel. It should be noted that, if the precoding processing
has been performed by the base station, the terminals need
to obtain downlink channel response information and per-
form MIMO detections on received data symbols by using
the downlink channel response information, such that the
terminals can correctly receive the signals transmitted by the
base station. A method for enabling a terminal to obtain the
downlink channel response information includes that: map-
ping a user-specific reference signal to a resource block
scheduled by the terminal, by the base station through
transmitting the user-specific reference signal to the termi-
nal, such that the terminal obtains the downlink channel
response information through channel estimation. The pre-
coding may be classified into linear precoding and nonlinear
precoding generally, and the Tomlinson Harashima Precod-
ing (THP) is a typical nonlinear precoding technology.
During a process of transmitting the user-specific reference
signal, the base station needs to perform an interference
elimination processing on the user-specific reference signal,
such that the terminal obtains a relative accurate state of the
downlink channel. For the linear precoding technology, a
same interference elimination processing is performed on
the user-specific reference signal and a data signal. How-
ever, for the nonlinear precoding technology, the power of
the user-specific reference signal may be increased through
the interference elimination processing, and a transmitting
power for the data signal may be decreased due to a limited
transmitting power of the base station, thereby degrading
performance of a communication system. In order to control
the transmitting power for the user-specific reference signal,
a modulus operation needs to be performed to control the
power of the user-specific reference signal. However, the
user-specific reference signal may have a modulus offset
through the modulus operation, and the modulus offset of the
user-specific reference signal can not be obtained by the
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terminal; hence, a relative large error may be caused in the
channel estimation performed by the terminal, and the
communication system is of poor performance.

SUMMARY

It is provided a method and a device for transmitting a
user-specific reference signal according to embodiments of
the present disclosure, to improve the performance of a
communication system in which user-specific reference sig-
nals are transmitted, where nonlinear precoding is applied in
the communication system.
Technical solutions according to the embodiments of the
present disclosure are described as follows.
In a first aspect, it is provided a method for transmitting
a user-specific reference signal according to an embodiment
of the present disclosure, and the method includes:
determining a modulus identification, and performing an
interference elimination processing on a user-specific refer-
ence signal based on the modulus identification to obtain an
interference-eliminated user-specific reference signal;
performing a beamforming processing on the interfer-
ence-eliminated user-specific reference signal to obtain a
beamformed reference signal; and performing an Inverse
Fast Fourier Transformer (IFFT) and a digital-to-analogue
conversion on the beamformed reference signal to obtain an
analogue signal for the user-specific reference signal, and
transmitting the analogue signal to a user terminal.
In a first possible implementation, before the determining
the modulus identification, the method may further include:
determining values of a modulus loss and a power loss;
where the determining values of a modulus loss and a power
loss specifically include:
determining the modulus loss based on a difference
between a signal-to-noise ratio obtained in a case that
a modulus operation is performed on a data symbol and
a signal-to-noise ratio obtained in a case that no modu-
lus operation is performed on the data symbol; and

determining the power loss based on a preset power
factor.

In conjunction with the first possible implementation of
the first aspect, in a second possible implementation, the
determining the modulus identification may include:

determining the modulus identification as 0 for instructing
a modulus unit to perform no modulus operation on the data
symbol, in a case that the modulus loss is greater than the
power loss; and

the performing the interference elimination processing on
the user-specific reference signal based on the modulus
identification may include:

determining an interference elimination amount as 0, i.e.,

performing no interference elimination processing on
the user-specific reference signal, in a case that the
modulus identification is 1.

In conjunction with the first possible implementation of
the first aspect, in a third possible implementation, the
determining the modulus identification may include:

determining the modulus identification as 0 for instructing
a modulus unit to perform no modulus operation on the data
symbol, in a case that the modulus loss is greater than the
power loss; and

the performing the interference elimination processing on
the user-specific reference signal based on the modulus
identification may include:

determining an interference elimination amount with a

preset approach, and performing the interference elimi-
nation processing on the user-specific reference signal
according to the interference elimination amount, in a
case that the modulus identification is 0.
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In conjunction with the third possible implementation of
the first aspect, in a fourth possible implementation, before
the performing the interference elimination processing on
the user-specific reference signal based on the modulus
identification, the method may further include:

performing power control on the user-specific reference
signal based on the preset power factor, in a case that the
modulus identification is 0.

In a second aspect, it is provided a device for transmitting
a user-specific reference signal according to an embodiment
of the present disclosure, where the device is applied to a
base station and the device includes:

a determination unit, configured to determine a modulus
identification;

an interference elimination unit, configured to an inter-
ference elimination processing on a user-specific reference
signal based on the modulus identification determined by the
determination unit to obtain an interference-eliminated user-
specific reference signal;

a beamforming unit, configured to perform a beamform-
ing processing on the interference-eliminated user-specific
reference signal to obtain a beamformed reference signal;
and

a radio frequency transmitting unit, configured to perform
an IFFT and a digital-to-analogue conversion on the beam-
formed reference signal to obtain an analogue signal for the
user-specific reference signal; and transmit the analogue
signal to a user terminal.

In a first possible implementation, the determination unit
may be further configured to determine values of a modulus
loss and a power loss;

specifically, the determination unit may be configured to
determine the modulus loss based on a difference between a
signal-to-noise ratio obtained in a case that a modulus
operation is performed on a data symbol and a signal-to-
noise ratio obtained in a case that no modulus operation is
performed on the data symbol, and

determine the power loss based on a preset power factor.

In conjunction with the first possible implementation of
the second aspect, in a second possible implementation, the
determination unit may be configured to determine the
modulus identification as 1 for instructing a modulus unit to
perform a modulus operation on the data symbol, in a case
that the modulus loss is less than the power loss; and

the interference elimination unit may be configured to
determine an interference elimination amount as 0, i.e.,
perform no interference elimination processing on the user-
specific reference signal, in a case that the modulus identi-
fication is determined as 1 by the determination unit.

In conjunction with the first possible implementation of
the second aspect, in a third possible implementation, the
determination unit may be configured to determine the
modulus identification as 0 for instructing a modulus unit to
perform no modulus operation on the data symbol, in a case
that the modulus loss is greater than the power loss; and

the interference elimination unit may be configured to
determine an interference elimination amount with a preset
approach, and perform an interference elimination process-
ing on the user-specific reference signal according to the
interference elimination amount, in a case that the modulus
identification is determined as 0 by the determination unit.

In conjunction with the first possible implementation of
the second aspect, in a fourth possible implementation, the
device may further include:

a power control unit, configured to perform power control
on the user-specific reference signal based on the preset
power factor, in a case that the modulus identification is
determined as O by the determination unit.

With the method and the device for transmitting a user-
specific reference signal according to the embodiments of
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the present disclosure, it is not necessary to perform modu-
lus operation on the user-specific reference signal, and the
user-specific reference signal may not have any offset.
Therefore, a relative accurate state of a downlink channel
can be obtained by the terminal, the accuracy of the channel
estimation is enhanced, and performance of the communi-
cation system is improved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic flowchart of a method for transmit-
ting a user-specific reference signal according to a first
embodiment of the present disclosure;

FIG. 2 is a schematic flowchart of a method for transmit-
ting a user-specific reference signal according to a second
embodiment of the present disclosure;

FIG. 3 and FIG. 4 are structural block diagrams of a
device for transmitting a user-specific reference signal
according to a third embodiment of the present disclosure;
and

FIG. 5 is a structural block diagram of a base station
according to a fourth embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Technical solutions according to embodiments of the
present disclosure are described clearly and completely
hereinafter in conjunction with drawings used in the
embodiments of the present disclosure. Apparently, the
described embodiments are only some embodiments of the
present disclosure rather than all the embodiments. Any
other embodiments obtained by those skilled in the art based
on the embodiments of the present disclosure without any
creative work fall in the scope of protection of the present
disclosure.

First Embodiment

It is provided a method for transmitting a user-specific
reference signal according to an embodiment of the present
disclosure. The method is applied to a wireless communi-
cation system having an MIMO function. The method may
be executed by a base station or an access point AP, to
transmit a user-specific reference signal; and the user-spe-
cific reference signal is mapped to a resource block sched-
uled by a terminal, such that downlink channel response
information may be obtained by the terminal through chan-
nel estimation. As shown in FIG. 1, the method includes
steps 101 to 103.

101, determining a modulus identification, and perform-
ing an interference elimination processing on a user-specific
reference signal based on the modulus identification to
obtain an interference-eliminated user-specific reference
signal.

The method according to the embodiment of the present
disclosure may be implemented by a base station or a
specified functional module of a base station, which is not
limited here.

102, performing a beamforming processing on the inter-
ference-eliminated user-specific reference signal to obtain a
beamformed reference signal.

103, performing an IFFT and a digital-to-analogue con-
version on the beamformed reference signal to obtain an
analogue signal for the user-specific reference signal, and
transmitting the analogue signal to a user terminal.

With the method for transmitting a user-specific reference
signal according to the embodiment of the present disclo-
sure, it is not necessary to perform the modulus operation on
the user-specific reference signal, and the user-specific ref-
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erence signal may not have any offset. Therefore, a relative
accurate state of a downlink channel is obtained by the
terminal, the accuracy of the channel estimation is enhanced,
and performance of the communication system is improved.

Second Embodiment

Based on the embodiment as shown in FIG. 1, it is further
provided a method for transmitting a user-specific reference
signal according to an embodiment of the present disclosure.
As shown in FIG. 2, the method includes steps 201 to 206.

201, determining, by a base station, a modulus identifi-
cation, where the modulus identification is used to determine
whether a modulus operation is to be performed on a data
symbol.

It should be noted that, the modulus operation is mainly
used to control the power of an interference-eliminated data
symbol. To achieve the same technical effect, alternatively,
the base station may perform a power control on the data
symbol, i.e., control the power of the data symbol through
multiplying the original data symbol by a preset power
factor. In a case that the base station controls the power
through the modulus operation, a terminal also needs to
perform a signal restoration through a modulus operation
and demodulate the data symbol by using constellation
extension; and during this operation, a performance loss is
caused, which may be referred to as “a modulus loss”.
Similarly, in a case that the power is controlled through
multiplying the original data symbol by the power factor, a
performance loss is caused, which may be referred to as “a
power loss”.

Specifically, the modulus loss may be determined by the
base station based on a difference between a signal-to-noise
ratio obtained in a case that the modulus operation is
performed on a data symbol and a signal-to-noise ratio
obtained in a case that no modulus operation is performed on
the data symbol. For example, in different Modulation and
Coding Schemes (MCSs), the modulus loss may be obtained
by simulation, i.e., a difference between a signal-to-noise
ratio obtained in a case that modulus operation is performed
and a signal-to-noise ratio obtained in a case that no modulus
operation is performed, when a certain MCS is used and a
preset packet error rate (usually, 10%) is reached during
receiving a data symbol by a receiving terminal.

In another aspect, the power loss may be determined by
the base station based on the preset power factor. For
example, after the data symbol is multiplied by the power
factor, the receiving terminal determines a value, by which
the signal-to-noise ratio of a received data symbol decreases,
as the power loss.

In the present embodiment, a following approach may be
used by the base station to determine the modulus identifi-
cation:

determining values of the modulus loss and the power
loss; determining, by the base station in a case that the
modulus loss is greater than the power loss, the modulus
identification to be 0 for instructing a modulus unit to
perform no modulus operation on the data symbol; or
determining, by the base station in a case that the modulus
loss is less than the power loss, the modulus identification to
be 1 for instructing the modulus unit to perform a modulus
operation on the data symbol.

Specifically, 202 and step 204 are performed in a case that
the modulus identification is 0; or step 203 is performed in
a case that the modulus identification is 1.

202, performing power control on the user-specific refer-
ence signal by the base station based on the preset power
factor, in a case that the modulus identification is 0.

Specifically, in a case that the modulus identification is O,
the base station determines that an interference elimination
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amount of the user-specific reference signal is not 0, and the
power of the user-specific reference signal may be
increased; hence, the power of the user-specific reference
signal needs to be restricted. For example, the base station
may control the power of the user-specific reference signal,
through a power control unit, by means of multiplying the
user-specific reference signal by the preset power factor.

203, determining, by the base station in a case that the
modulus identification is 1, the interference elimination
amount as 0, i.e., performing no interference elimination
processing on the user-specific reference signal.

204, determining the interference elimination amount by
the base station with a preset approach, and performing an
interference elimination processing on the user-specific ref-
erence signal according to the interference elimination
amount.

To facilitate understanding, the present embodiment is
explained in detail with an example.

It is assumed that a modulated data symbol is a, and a is
a complex vector having a dimension of Sx1, where S
represents the number of terminals; a, represents a data
symbol transmitted from a base station to a terminal i. The
base station has N transmitting antennas, and each terminal
has one receiving antenna.

Based on an uplink channel estimation or channel state
information fed back by the terminals, the base station
obtains a channel matrix:

h
hy
H=| .
b
A dimension of H is SxN, where h,(i=1, 2, . . . , S)

represents a channel matrix of the terminal i, and the
dimension of h, is 1xN.

An LQ decomposition is performed on H: H=LQ",

where L is a lower triangular matrix with positive ele-
ments on the diagonal, which has a dimension of SxS; Q is
a beamforming matrix having a dimension of NxS; where
Q”Q-1, i.e., each column vector of the matrix Q is a unit
vector, different column vectors of the matrix Q are orthogo-
nal to each other, where Q represents a conjugate transpose
of the matrix Q.

Specifically, the approach for calculating the interference
elimination amount in the foregoing step 204 may be
described with reference to the following formula:

=
0

1 L
i a,((DRS)

no modulus operation is performed on an i-t4 stream data

(the modulus identificationis 0)
a modulus operation is performed on an i- A stream data
(the modulus identificationis 1),

i=2,...,K

where 4, %% represents a symbol of a k-th stream inter-

ference-eliminated user-specific reference signal; b, repre-
sents an interference elimination amount of an i-th stream
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reference signal; 1, represents an (i, i)-th element in the
matrix L; and 1, represents an (i,k)-th element in the matrix
L.

The processing procedures of the above step 202 and step
204 may be understood with reference to the following
formula:

a, i(DRS):hia ~b;

where a, represents a symbol of an i-th stream original
user reference signal, and A, represents the power factor
which is used in calculation according to the preset
approach. A; may be determined with the following formula:

no modulus operation is performed on the i-zA stream data

a modulus operation is performed on the i-z4 stream data

It should be noted that, in the present embodiment, with
the above step 202 and step 204, the power of the user-
specific reference signal is controlled based on the power
factor and there is no need to perform the modulus opera-
tion; hence, a problem that the user-specific reference signal
generates an offset due to the modulus operation is avoided,
which facilitates the terminal obtaining a relative accurate
state of the downlink channel, enhances the accuracy of the
channel estimation, and improves the performance of the
communication system. It should be noted that, with the
method according to the present embodiment, the number of
control signalings may not be increased, thereby saving the
signaling overhead.

205, performing, by the base station, a beamforming
processing on the interference-eliminated user-specific ref-
erence signal to obtain a beamformed reference signal. The
processing approach may be understood with reference to
the following formula:

~(DRS)
L(DRS) _ Qa

Vs

where x®P*% represents a beamformed reference signal; Q
represents a beamforming matrix; 4% represents an input
signal to be beamformed, which is obtained through step 202
and step 204; and S represents the number of terminals.

206, processing the beamformed reference signal by the
base station through an Inverse Fast Fourier Transformer
(IFFT) unit, to obtain an Orthogonal Frequency Division
Multiplexing (OFDM) signal, converting the OFDM signal
into an analog signal through a Digital-to-Analog Converter
(DAC) unit, and transmitting the analog signal to the ter-
minal.

With the method for transmitting a user-specific reference
signal according to the embodiment of the present disclo-
sure, it is not necessary to perform the modulus operation on
the user-specific reference signal, and the user-specific ref-
erence signal may not have any offset. Therefore, a relative
accurate state of a downlink channel is obtained by the
terminal, the accuracy of the channel estimation is enhanced,
and performance of the communication system is improved.
In another aspect, in the present embodiment, it is allowed
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to perform the interference elimination processing on the
user-specific reference signal; hence, the terminal can per-
form a relative accurate channel estimation and obtain
information of interference among data streams, and the
quality of the received signal is improved.

Third Embodiment

It is provided a device for transmitting a user-specific
reference signal according to an embodiment of the present
disclosure. The device is applicable to a base station, and can
implement the methods shown in FIG. 1 and FIG. 2. As
shown in FIG. 3, the device includes a determination unit 31,
an interference elimination unit 32, a beamforming unit 33,
and a radio frequency transmitting unit 34.

The determination unit 31 is configured to determine a
modulus identification.

The interference elimination unit 32 is configured to
perform an interference elimination processing on a user-
specific reference signal based on the modulus identification
determined by the determination unit 31 to obtain an inter-
ference-eliminated user-specific reference signal.

The beamforming unit 33 is configured to perform a
beamforming processing on the interference-eliminated
user-specific reference signal to obtain a beamformed ref-
erence signal.

The radio frequency transmitting unit 34 is configured to
perform an IFFT inverse fast fourier transform and a digital-
to-analogue conversion on the beamformed reference signal
to obtain an analogue signal for the user-specific reference
signal, and transmit the analogue signal to a user terminal.

In an implementation, the determination unit 31 is further
configured to determine values of a modulus loss and a
power loss. Specifically, the determination unit 31 is con-
figured to determine the modulus loss based on a difference
between a signal-to-noise ratio obtained in a case that a
modulus operation is performed on a data symbol and a
signal-to-noise ratio obtained in a case that no modulus
operation is performed on the data symbol, and determine
the power loss based on a preset power factor.

Specifically, the determination unit 31 is configured to
determine the modulus identification as 1 for instructing a
modulus unit to perform a modulus operation on the data
symbol, in a case that the modulus loss is less than the power
loss.

The interference elimination unit 32 is configured to
determine an interference elimination amount as 0, i.e.,
perform no interference elimination processing on the user-
specific reference signal, in a case that the modulus identi-
fication is determined as 1 by the determination unit 31.

The determination unit 31 is further configured to deter-
mine the modulus identification as 0 for instructing the
modulus unit to perform no modulus operation on the data
symbol, in a case that the modulus loss is greater than the
power loss.

The interference elimination unit 32 is configured to
determine an interference elimination amount with a preset
approach and perform an interference elimination process-
ing on the user-specific reference signal according to the
interference elimination amount, in a case that the modulus
identification is determined as O by the determination unit
31.

Further, as shown in FIG. 4, the device further includes a
power control unit 35.

The power control unit 35 is configured to perform power
control on the user-specific reference signal based on the
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preset power factor, in a case that the modulus identification
is determined as 0 by the determination unit 31.

With the device for transmitting a user-specific reference
signal according to the embodiment of the present disclo-
sure, it is not necessary to perform modulus operation on the
user-specific reference signal, and the user-specific reference
signal may not have any offset. Therefore, a relative accurate
state of a downlink channel is obtained by the terminal, the
accuracy of the channel estimation is enhanced, and perfor-
mance of the communication system is improved. In another
aspect, in the present embodiment, it is allowed to perform
the interference elimination processing on the user-specific
reference signal; hence, the terminal can perform a relative
accurate channel estimation and obtain information of inter-
ference among data streams, and the quality of the received
signal is improved.

Fourth Embodiment

It is provided a base station according to an embodiment
of the present disclosure. The base station is applied to a
communication system supporting nonlinear precoding, and
can implement the methods shown in FIG. 1 and FIG. 2. As
shown in FIG. 5, the base station includes a Base Band Unit
51 and a Radio Remote Unit 52.

The Base Band Unit (BBU) 51 is configured to determine
a modulus identification, perform an interference elimina-
tion processing on a user-specific reference signal based on
the modulus identification to obtain an interference-elimi-
nated user-specific reference signal, and perform a beam-
forming processing on the interference-eliminated user-
specific reference signal to obtain a beamformed reference
signal.

The Radio Remote Unit (RRU) 52 is configured to
perform an IFFT inverse fast fourier transform and a digital-
to-analogue conversion on the beamformed reference signal
to obtain an analogue signal for the user-specific reference
signal, and transmit the analogue signal to a user terminal.

In an implementation, the BBU is further configured to
determine values of a modulus loss and a power loss.
Specifically, the BBU is configured to determine the modu-
lus loss based on a difference between a signal-to-noise ratio
obtained in a case that a modulus operation is performed on
a data symbol and a signal-to-noise ratio obtained in a case
that no modulus operation is performed on the data symbol;
and determine the power loss based on a preset power factor.

Specifically, the BBU is configured to determine the
modulus identification as 0 for instructing a modulus unit to
perform no modulus operation on the data symbol, in a case
that the modulus loss is greater than the power loss.

The BBU is further configured to determine the modulus
identification as 1 for instructing the modulus unit to per-
form a modulus operation on the data symbol, in a case that
the modulus loss is less than the power loss.

Optionally, the BBU is configured to determine an inter-
ference elimination amount with a preset approach, and
perform an interference elimination processing on the user-
specific reference signal according to the interference elimi-
nation amount, in a case that the modulus identification is
determined as 0.

The BBU is further configured to determine the interfer-
ence elimination amount as 0, i.e., perform no interference
elimination processing on the user-specific reference signal,
in a case that the modulus identification is determined as 1.
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Furthermore, the BBU is further configured to perform
power control on the user-specific reference signal based on
the preset power factor, in a case that the modulus identi-
fication is determined as 0.

With the base station according to the embodiment of the
present disclosure, it is not necessary to perform modulus
operation on the user-specific reference signal for transmit-
ting the user-specific reference signal, and the user-specific
reference signal may not have any offset. Therefore, a
relative accurate state of a downlink channel is obtained by
the terminal, the accuracy of the channel estimation is
enhanced, and performance of the communication system is
improved. In another aspect, with the base station in the
present embodiment, it is allowed to perform the interfer-
ence elimination processing on the user-specific reference
signal; hence, the terminal can perform a relative accurate
channel estimation and obtain information of interference
among data streams, and the quality of the received signal is
improved.

According to the embodiments described above, those
skilled in the art can clearly know that the present disclosure
may be implemented by means of software in conjunction
with necessary general-purpose hardware, or may be imple-
mented by means of hardware, and the software in conjunc-
tion with hardware is preferred in many cases. According to
such understanding, essential parts or parts contributing to
the conventional technology of technical solutions of the
present disclosure may be embodied as a computer software
product. The computer software product may be stored in a
readable storage medium, such as, a floppy disc, a hard disk
or an optical disk of a computer, and the computer software
product includes multiple instructions for controlling a com-
puter device (which may be a personal computer, a server or
a network device or the like) to perform the methods
described in various embodiments of the present disclosure.

What is claimed is:
1. A method for transmitting a user-specific reference
signal, comprising:
determining a modulus identification, and performing an
interference elimination processing on the user-specific
reference signal based on the modulus identification to
obtain an interference-eliminated user-specific refer-
ence signal;
performing a beamforming processing on the interfer-
ence-eliminated user-specific reference signal to obtain
a beamformed reference signal; and

performing an inverse fast fourier transform (IFFT) and a
digital-to-analogue conversion on the beamformed ref-
erence signal to obtain an analogue signal for the
user-specific reference signal, and transmitting the ana-
logue signal to a user terminal.

2. The method according to claim 1, wherein before the
determining the modulus identification, the method further
comprises:

determining a modulus loss based on a difference between

a signal-to-noise ratio obtained in a case that a modulus
operation is performed on a data symbol and a signal-
to-noise ratio obtained in a case that no modulus
operation is performed on the data symbol; and
determining a power loss based on a preset power factor.

3. The method according to claim 2, wherein

the determining the modulus identification comprises:

determining the modulus identification as 1 for instruct-
ing a modulus unit to perform the modulus operation
on the data symbol, in a case that the modulus loss
is less than the power loss; and
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the performing the interference elimination processing on
the user-specific reference signal based on the modulus
identification comprises:
determining an interference elimination amount as O,
and performing no interference elimination process-
ing on the user-specific reference signal, in a case
that the modulus identification is 1.
4. The method according to claim 2, wherein
the determining the modulus identification comprises:
determining the modulus identification as O for instruct-
ing a modulus unit to perform no modulus operation
on the data symbol, in a case that the modulus loss
is greater than the power loss; and
the performing the interference elimination processing on
the user-specific reference signal based on the modulus
identification comprises:
determining an interference elimination amount with a
preset approach, and performing the interference
elimination processing on the user-specific reference
signal according to the interference elimination
amount, in a case that the modulus identification is 0.
5. The method according to claim 4, wherein before the
performing the interference elimination processing on the
user-specific reference signal based on the modulus identi-
fication, the method further comprises:
performing power control on the user-specific reference
signal based on the preset power factor, in a case that
the modulus identification is 0.
6. A base station, comprising:
a processor; and
a non-transitory processor-readable medium having pro-
cessor-executable instructions stored thereon that,
when executed by the processor, cause the base station
to:
determine a modulus identification;
perform an interference elimination processing on a
user-specific reference signal based on the modulus
identification to obtain an interference-eliminated
user-specific reference signal;
perform a beamforming processing on the interference-
eliminated user-specific reference signal to obtain a
beamformed reference signal;
perform an inverse fast fourier transform (IFFT) and a
digital-to-analogue conversion on the beamformed
reference signal to obtain an analogue signal for the
user-specific reference signal; and
transmit the analogue signal to a user terminal.
7. The base station according to claim 6, wherein the
instructions further cause the base station to:
determine values of a modulus loss and a power loss;
wherein determining the modulus loss is based on a
difference between a signal-to-noise ratio obtained in a
case that a modulus operation is performed on a data
symbol and a signal-to-noise ratio obtained in a case
that no modulus operation is performed on the data
symbol, and
wherein determining the power loss is based on a preset
power factor.
8. The base station according to claim 7, wherein:
determining the modulus identification comprises:
determining the modulus identification as 1 for instruct-
ing a modulus unit to perform the modulus operation
on the data symbol, in a case that the modulus loss
is less than the power loss; and
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performing the interference elimination processing com-
prises:
determining an interference elimination amount as O,
and performing no interference elimination process-
ing on the user-specific reference signal, in a case
that the modulus identification is determined as 1.
9. The base station according to claim 7, wherein:
determining the modulus identification comprises deter-
mining the modulus identification as 0 for instructing a
modulus unit to perform no modulus operation on the
data symbol, in a case that the modulus loss is greater
than the power loss; and

performing the interference elimination processing com-

prises determining an interference elimination amount
with a preset approach, and performing an interference
elimination processing on the user-specific reference
signal according to the interference elimination
amount, in a case that the modulus identification is
determined as O.

10. The base station according to claim 9, wherein the
instructions further cause the base station to:

perform power control on the user-specific reference

signal based on the preset power factor, in a case that
the modulus identification is determined as O.
11. A non-transitory computer-readable medium storing
therein a set of processor-executable instructions that, when
executed by a processor, cause the processor to execute the
steps of:
determining a modulus identification, and performing an
interference elimination processing on a user-specific
reference signal based on the modulus identification to
obtain an interference-eliminated user-specific refer-
ence signal;
performing a beamforming processing on the interfer-
ence-eliminated user-specific reference signal to obtain
a beamformed reference signal; and

performing an inverse fast fourier transform (IFFT) and a
digital-analogue conversion on the beamformed refer-
ence signal to obtain an analogue signal for the user-
specific reference signal, and transmitting the analogue
signal to a user terminal.

12. The non-transitory computer-readable medium
according to claim 11, wherein the processor-executable
instructions stored in the computer-readable medium further
cause the processor to execute, before the determining the
modulus identification, the steps of:

determining a modulus loss based on a difference between

a signal-to-noise ratio obtained in a case that a modulus
operation is performed on a data symbol and a signal-
to-noise ratio obtained in a case that no modulus
operation is performed on the data symbol; and
determining a power loss based on a preset power factor.

13. The non-transitory computer-readable medium
according to claim 12, wherein

the determining the modulus identification comprises:

determining the modulus identification as 1 for instruct-
ing a modulus unit to perform the modulus operation
on the data symbol, in a case that the modulus loss
is less than the power loss; and

the performing the interference elimination processing on

the user-specific reference signal based on the modulus

identification comprises:

determining an interference elimination amount as O,
and performing no interference elimination process-
ing on the user-specific reference signal, in a case
that the modulus identification is 1.
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14. The non-transitory computer-readable medium
according to claim 12, wherein
the determining the modulus identification comprises:
determining the modulus identification as O for instruct-
ing a modulus unit to perform no modulus operation
on the data symbol, in a case that the modulus loss
is greater than the power loss; and
the performing the interference elimination processing on
the user-specific reference signal based on the modulus
identification comprises:
determining an interference elimination amount with a
preset approach, and performing the interference
elimination processing on the user-specific reference
signal according to the interference elimination
amount, in a case that the modulus identification is 0.
15. The non-transitory computer-readable medium
according to claim 14, wherein the processor-executable
instructions stored in the computer-readable medium further
cause the processor to execute, before the performing the
interference elimination processing on the user-specific ref-
erence signal based on the modulus identification, the steps
of:
performing power control on the user-specific reference
signal based on the preset power factor, in a case that
the modulus identification is 0.
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